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Abstract

The non-tectonicbuilding methodsexemplify the possible
adaptations of the non-tectonic
systemsfor mass constructionof dwellings, communal and industrial buildings. These fundamentally new, open, light-weight silicate-basedbuilding methods of particular technological
relevancefor hot arid tropical areasare equally realizableby planted or transplantablefactories
and have been designedin such a way as to give optimum solutions for social-sociological,
technical-economic,
climatic-geographic,
architectural-constructional
requirementswhich ever
keep changingin spaceand in time. The scientific results of the researchwork -- carried out in
the Institute of Building Constructions,
TechnicalUniversity Budapestsincethe early seventies
-- have been summarized in twelve theses in our previous article entitled "Characteristic
features of the non-tectonicsystems" and this article is its immediate continuation.
In this study -- exclusivelydevotedto the detailedanalysisof the non-tectonic
building
methodsand their principlesof construction-- we put a specialemphasison the expounding
and illustration of theseprinciples.The non-tectonicsystemsare basedon the recognitionthat
tectonicsis not the only possible
axiom of building and the basicbuilding methods-- the in-situ,
the lifting, the box-unit, the box-frame unit, the closed-cellular, lift-cell and the tilt-lift
the
building methods-- give a definite proof that suchan axiomatic changeis realizable and that
we may open new, hitherto unknown ways of industrialization of building if we break with the
axiom of tectonics.
The basicbuildingmethods themselves
in
and even in their complements
can
expediently be combinedwith each other as well, and thereby the non-tectonicsystemsreally
establish
almostboundless
possibilities the architectand the constructor solvingproblems
for
for
of the various tasks.

Introduction

This study is an immediatecontinuationof our previousarticle entitled
"Characteristic
featuresof the non-tectonic
systems" which we dealt with the
in
mass adaptation of the non-tectonic systems, or rather some fundamental
theoreticaland practical problemsof the adaptation.

This study is exclusivelydevotedto the detailed analysisof the nontectonic
buildingmethods theirprinciplesof construction. us remark here
and
Let
by way of introduction,
that the basic
buildingmethods the in-situ,the lift-ing, the box-unit, the box-frame unit, the closedcellular, the lift-cell, and the
tilt-lift building methods-- can expedientlybe combined
with eachother as
well.

* The themewaselaborated the followingteam: M. PdrkdnyiD. Se.; L. Hajdd dr.
by
architect,J. Barczamechanical
engineer,
postgraduate Z. Szirmai,architect,postgraduate.
and
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1. The in-situ buildingmethod
The in-situ building methodsis characteristicallyconnected
with the low
and medium degreeof complementarity,as follows:

Shortdescription: A In-situ buildingmethod
1.

-- on lowdegree complementarity lowdegree readiof
(on
of
ness the
in factory);
-- on applyingthesurface principleof construction;
as
in design:
in the factory:
on the

site:

-- housing and communal buildings (variations on plan
and in section);
--on
one-fold disintegration (on Gutenberg-principled
decomposition);
-- on the in-situ additivity of surfaceelements(on calling
into being the loadbearingstructure exclusivelyon the
building site).

Characteristic
features of the in-situ building method in case of low degree
of complementarity A)
(1.
In the workshop
non-tectonicsurfaceelementsare producedexclusively,
so disintegration one-foldand Gutenberg-principled;
is
additivity in the factory
is zero sincethe elementsare not rendered tectonic either individually or in
jointed form.
On the site all the surface

elements

of the vertical

and horizontal

load-

bearing structuresare assembled
immediately in their final position, so the
additivity on the building site is in-situ and final, which meansthat the loadbearing structure is called into being exclusivelyon the building site through
pouring in of concrete.
Shortdescription: 1. B In-situ buildingmethod

in design:

in the factory:

-- on medium
degree complementarity medium
of
(on
degree
of readiness thefactory);
in
-- on applyingthesurface principleof construction;
as
-- housingand communalbuildings(variations on plan
and in section);
-- on two-fold disintegration
(on Gutenberg-principled mechanization-principled
and
decomposition),
-- on preassembly plane structural elements;
of
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-- on the in-situ additivity of surfaceelementsand plane
structural

elements

(on calling into being the loadbearingstructure determined by the surfaceelementsthrough in-situ pouring
in of concrete,on location of tectonic plane structural
elements in-situ position,and final pouring).
in

Characteristic
featuresof the in-situ buildingmethodin caseof mediumdegree
of complementarity
(1.B)
The methodof disintegrationchanges.
The decomposition
hereis two-fold

(Gutenberg-principled mechanization-principled); degreeof readiness
and
the
in the factory increases "medium" level.
to
In theworkshop only non-tectonic
not
surfaceelements producedany
are

more but we already start renderingthem tectonic either individually or in
jointed form, that is to say we alreadystart the productionof tectonic,plane
structural

elements.

On thesitewe call into beingthe load-bearingstructureon the one hand
through in-situ alignmentof non-tectonic
surfaceelementsand pouringin of
concrete, the other hand throughlocationof tectonicplane structuraleleon
mentsin-situ positionand final pouring.
Variability of the in situ buildingmethod
Amongstthe non-tectonicsystemthe variability of the in-situ building
method is of the highest degree,sincein this casethe surfaceas principle of
constructioncan be enforcedthe most clearly both in the factory and on the
building site; sincethe sizesand incrementsof the elementsand components
-includingtheir thicknesses well -- can be the mostfreely chosen;
as
sincethe
degreeof complementarityof the buildingmethodcan be the lowest,sincethere
is no inevitable need of additivity in the factory, consequently degreeof
the
freedomof planningis relatively the least restricted.
The surfaceas principleof construction

The in-situ building method-- the first possibility of the non-tectonic
systems isfounded surface principleof construction.
-on
as
(Fig. 1)
The non-tectonicsystemsbreak with the axiom of tectonics and substitute it for the principleof surface.
This -- aswe haveseen-- simplymeans
that
in these systemsthe immediate object of manufactureis not the loadbearing
structure

but its surface.
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The surfaceas principleof construction, general
in

Fig. 1. The surfaceas principle of construction, general.The non-tectonicsystemsbreak with
in
the axiom of tectonics and substitute it for the principle of surface.This simply meansthat in
these systemsthe immediate object of manufacture is not the loadbearlng structure but its
surface.The surfaceelementsof the loadbearingstructureare of low specificgravity (they are
mostly made of gypsum), consequentlythey have no carrying capacity; they are very thin,
after all they are a skin construction
and thus they have no immediatestability either. In brief:
they are non-loadbearing,non-tectonic elements.
The non-tectonic elements with their glass-smooth
surface on their final visible side
never "betray" what they are the surfaceof, they are aestheticallyneutral and semantically
meaningless, brief: they are Gutenberg-principled
in

The surface elements of the loadbearing structure are of low specific
gravity (they are mostlymadeof gypsum),consequently
they have no carrying
capacity;they are very thin, after all they are a skin construction
and thus they
have no immediate stability either. In brief: they are non-loadbearing,nontectonic elementsto be kept in positionby simpleregainableauxiliary structures during cohereting.
As a consequence the moisture absorbingcapacity of gypsum, the
of
concrete-- pouredinto the very thin cavitiesand channels
arisingbetweenthe
surfaceelements-- becomestabilizedalmost immediately: it freezeson the
gypsum.

The new -- non-tectonic-- construction
arising as a result of this process a light-weight, silicate-based,
is
rigid, monolithicr.c. structureand as such
it is really unique in the industrializedbuilding.
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principle construction. non-tectonic
of
In the
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the

surface principle constructionuniversal,
as
of
is
since each
in
building
method immediate
the
object manufacture surface theloadbearing
of
isthe
of
structure,
consequently isnosuch
there
non-tectonic
building
method
which
could
eliminate application thesurface principle
the
of
as
of construction,also
as
illustrated thefigure,
by
symbolically

Theuniversality thesurface principle constructionthenon-tectonic
of
as
of
in
building

In thenon-tectonic
building surface principle construction
the
as
of
is universal, in each
since
building
method immediate
the
object manufacturethe
of
is
surface theload-bearing
of
structure,
consequently snosuch
there
non-tectonic

building
method
which
could
eliminate applicationthesurface printhe
of
as
cipleof construction 2).
(Fig.

In thebuilding
methods lowdegree complementarity surface
of
of
the
as
principle construction always
of
is
enforced
explicitly,
whereas thoseof
in
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mediumand high degree complementarity
of
(workingwith the grid,cell, box
etc. as principles construction) is carriedinto effectimplicitly.
of
it
The principleof buildingwith non-loadbearing
surface
elements, other
in
words: the simpleprinciple of vertical and horizontal alignment of non-loadbearing-- i.e. nontectonic surface
-elements
next to oneanother,eitherin the
factoryor on the buildingsite(according a certain order,of course)
to
and uniting them into a monolithicstructure(throughpouringconcrete
into the cavities
and channels
arisingbetween,within or on top of these surfaceelements)-this is the essence every non-tectonicstructure, be it done by handicraft
of
forms of productionor by any higherlevel of industrialization.

2. The lifting building method

The lifting buildingmethodcan equallybe realizedonlow and on medium
degreeof complementarity, follows:
as
Shortdescription:2.A Lifting buildingmethod

in design:
in the factory:
on the

site:

-- on low degree complementarity
of
(on low degree readiness thefactory);
of
in
-- on applyingthegrid asprinciple of construction;
-- communal and industrial buildings
(variations on plan and in section);
-- on one-fold disintegration
(on Gutenberg-principled
decomposition);
-- on the additivity of surfaceelements in-situ or underin
neath in-situ position

(on callinginto beingthe load-bearing
structureparfly
throughin-situ assembly
parfly through a preassembly
operationunderneathin-situ position).
Characteristic
features of the lifting building method in case of low degree
of eomp]ementarity
(2.A.)
In theworkshop
exclusivelysurfaceelementsare produced,so disintegration is one-foldand Gutenberg-principled;
additivity in the factory is zero since
the elementsare not renderedtectonic either individually or in alignedform.
On the site all the vertical structuresare assembled
immediately in their
final position,whereas horizontalprimary structuresare first preassembled
the
underneath final in-situ position,
the
then lifted into in-situpositionandfixed
by heterogeneous homogeneous
or
junction. The additivity of surfaceelements
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on the building site underneath the final in-situ position is a characteristic
feature of the building method.
Short description:2.B Lifting building method

in design:

in the factory:

on the

site:

on mediumdegree complementarity
of
(on medium
degree readiness the
of
in
factory);
on applyingthegrid asprincipleof construction:
communal and industrial buildings
(variations on plan and in section);
on two-fold disintegration
(on Gutenberg-principled mechanizationprincipled
and
decomposition),
on preassembly plane structural elements;
of
on the additivity of surface
elements in-situ or underin
neath in-situ position
(on callinginto beingthe load-bearing
structurepartly

throughin-situ assembly
partly through preassembly
operationunderneathin-situ position),
on locationof plane structuralelements in-situ posiin
tion and final pouring.

Characteristic
featuresof the lifting buildingmethodin caseof mediumdegree
of complementarity
(2.B)
In theworkshop method of disintegrationchanges,
the
the decomposition
hereis two-fold(Gutenberg-principled mechanization-principled); degree
and
the
of readiness the factory is increasingto "medium" level. In the workshop,
in

namely,we start the preassembly the surface
of
elements
(manufactured the
on
basisof the Gutenberg-principled
decomposition) planestructuralelements
into
(manufactured the basisof the mechanization
on
principleddecomposition)
of
parameter-sizeat least in one direction.
On the site the vertical structures are assembled final in-situ position
in
whereasthe horizontal structuresare first preassembled
underneath in-situ
position,then lifted into in-situ positionand fixed by heterogeneous homoor
geneous
junction. After locationin in-situ positionthe planestructural elements
and fixed by final pouring.
The in-situ additivity characterizing
the building method again spell
preassembly
underneath in-situ position.
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The grid as principle construction
of

Fig.3. The asprincipleconstruction.
grid
of
The
lifting
building
methods founded the
are
on
gridasprinciple construction. architect works grids
of
The
here
with
visibly
appearing a
as
primary cellular-structure also: 4)determined form the
(see Fig.
bythe
of gypsum
surface
elements rigdified thetwo-way
and
by
reinforced
concrete
membrane in-between
poured
the
gypsum
elements, accepts thehorizontal and folded pillers only
and
that
grid the
shell
can be
jointed homogeneous,
(by
orheterogeneous
junctions)jointing designated perat
point
bythe
foration thegypsum
of
elements. very
It is
important note thatin thelifting
to
here
building
methods grid principleconstruction
the as
of
isinseparably
connected theprinciplethe
with
of
technology
oflifting,
more
accurately: theprinciple lifting
with
of
through
integration
ofthe
lifting
equipments vertical
with
the
loadbearing itself, therefore tried illustrate
structure and
we
to
these principles
two
simultaneously:
thefigure
shows empty
the
beam-grid
(field-unit)
built
underneath in-sitn
the
position continuously spindle
lifted
with
driven hand
by
through
mechanicaltransmission; liftingequipments fixedontopof thein-sitn
the
are
pillars

Variability theliftingbuilding
of
method

Amongst non-tectonic
the
systems variability thelifting
the
of
building
method ofmedium
is
degree, in thesystems
since
applying gridasvisible
the
structural
form the selection the sizes
of
and increments the elements
of
and

components
isrelatively restricted inthein-situ
more
than
building
method.
Thedegree freedom planningfurther
of
of
is
decreased theposition
since
of
wallsis restrictedby the grids.
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The grid and the cell as principles construction
of

Fig.4. The and cell principlesconstruction. non-tectonic
grid the as
of
In the
systems cellular
the

structures moreaccurately: visible
-the
cellular
forms theprimaryloadbearing
of
structures
-canberealized twoways:through
in
applying gridor the cellasprinciples construction.
the
of

If gridis applied principle constructionand isthecase thelifting
as
of
-this
of
building

methods then we work with planegypsum
-surface
elements.
Thesetwo-dimensional
nontectonicwall-of-cell
elements semantically
are
meaningless,
they have no carryingcapacity
and no immediate stability;

If cellis applied principle construction andthisisthecase thelift.cell
as
of
-of
building

methods then the work with cellular gypsumsurfaceelements.
-These three-dimensional

surface-of-cell
elements
(gypsum
smallspace
elements) already
are
semantically
meaningful
(in sofar astheydetermine visible
a
form)theyhavenocarrying
capacity
afterall theyare
non-tectonic) asa resultof their cellular
but,
form,they do havean immediate
stability

The grid as principleof construction

Theliftingbuilding
method the second
-possibility the non-tectonic
of
systems isfounded the
-on gridasprinciple construction 3). Thearchiof
(Fig.
tecthere
works
withgrids
visibly
appearing a primary
as
structure cellular
--(see
also: 4) determined theformofthegypsum
Fig.
by
surface
elements by
(or
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that of the auxiliary structures)and rigidified by the two-way reinforcedconcrete membranepouredin betweenthe gypsum
elements in case freezing
(or,
of
from inside,aroundthe gypsumelements),
and regards
this asthe leadingidea.
Thereby, however,the architecthas to adapt himselfto the restrictionsof the
grid. He accepts
that the horizontalgrid and folded shellpillars can only be
jointea (by homogeneous heterogeneous
or
junction)at jointing pointsdesignated by the perforationsystemof the gypsumelements,
and designs building
the
according this.
to
Since,however,the buildings, their solutions plan and in section
in
on
can
be reduced -- in the last analysis -- to the additivity of the semantically
meaningless
Gutenberg-principled
surface elements,therefore there opens a
relatively broad possiblyfor the selection sizesof spans,interior heights,
of
grid-heights
etc. without havingthis tendencyrun counterthe grid asprinciple
of construction.

3. The box-unitbuild/rigmethod
The box-unit building method can only be realized on high degreeof
complementaritysinceits characterizing
structural unit -- the box-unit -- is a
large spaceelement and as suchit is unavoidably connected
with the high
degreeof readiness the factory. The buildingmethodexpedientlycallsinto
in

beingits structures
with a combination threematerials
of
(polystyrene gypqsum q- reinforced concrete).
Short description: 3. Box-unit building method

in design:
in the factory:

-- on highdegree complementarity
of
(on highdegree readiness the
of
in factory);
 on thesimultaneous
applicationof theslaband the boxas
principle of construction;
-- housing(variationsonplan andin section oneor two
on
level arrangements);
-- on two-fold disintegration
(on Gutenberg-principled mechanization
and
principled
decomposition);
-- on preassembly plane structural elementsand large
of
space units;

on the

site:

-- on the in-situ additivity of large spaceunits and plane
structural

elements

(on locationof box-unitsand plane structuralelements
in in-situ positionand final pouring).
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Characteristic
featuresof the box unit buildingmethod
In the workshop, more accurately:in theplantedfactory we not only
or
produce Gutenberg
principled non-tectonic(gypsumq-polystyrene) surface
elementsbut at the sametime we alsobeginto preassemble
thesesurfaceelements first into mechanizationprincipled tectonic plane structural elements
(that is wall, or floor elements),and then into large spaceelements(that is
box-units);the additivity in the factory, thus, is already an additivity "inspace".
On thesitethe tectonic
large-space
elements box-units)and the plane
(the
structural elements(the wall and floor units) are assembled
immediatelyin
final (in-situ) position.
Variability of the box-unitbuildingmethod

Amongstthe non-tectonic
systems variability of the box-unit buildthe
ing methodis of thelowest
degree
sincethe system-- simultaneously
foundedon
the slaband the box asprinciples construction allowsonly a very restrictof
-ed selectionof sizesand incrementsfor the elementsand components comas
paredto any othernon-tectonic
buildingmethod.At the sametime the degree
of complementarityof the elementsis the highestsinceadditivity in the factory may reacha maximum, consequently freedomof planningis relatively
the
the

most

restricted.

The slab as principleof construction, general
in
Theslabasprincipleof construction asit is known -- is closely
-connected with the housing
factories,
moreaccurately:
with the panelbuildingmethod,
that is oneof the mostwidelyspread
practiceof the industrialized
housing
of
our age.Its basicunits, namely,the large panelsare slabsof parametersizein
two directions,constructed
with different methods,of ceramicor of hydraulic
materials,with reinforcement.
This is regardedas the leadingidea for manufactured houses.Thereby, however, the architect has to adapt himself to
the severerestrictionsof the structural system.He has to acceptthat these

plane-units
can only be jointed alongthe edges,
can only have openings
on
the surface,etc. The architect usesthese slabsto producecells,more accurately said:boxes.Seeing
that his units,the wall and floor panelsare of parameter
sizein both directions, boxesconstructable
the
will automaticallybe of parameter sizein three directions.
The numberof variations designable the basis
on
of the structuralsystem
will depend the sizes the spans
on
of
and widthsof the

floor panels.
The claimsfor creatingvaried plansfor dwellings inevitably
will
strengthen
the tendencies
towardsincreasing spans,and it is exactly this
the
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tendencytowardsincreasing span-- whilst maintainingthe slab as princithe
ple of construction which leads to the characteristic
-inner contradictionof
the panelbuilding methodand this at the sametime designates reasonable
the
limits of the applicationas well.
The box as principleof construction, general
in
Theboxasprincipleof construction characteristically
is
connected
with the
practice of the space-unitbuilding methods.The architect here usesfactory
made stiflened space-units:
boxes.He regardsthis asthe startingthought for
industrializedhousing.He accepts
that thesespaceunits can only be jointed at
points and alonglines, and usestheseboxesfor assembling building. Since,
the
however,theseelements,the space-units, automatically three dimensional,
are
and what is more, are of parameter size in three directions,henceit follows:
first, that the variability of the box-unitbuildingmethods an immediate
is
functionof the additivity of the manufactured
largespace
units, which meansa
very limited variability, sincetheseunits are not only unworkableany more,
but at the sametime -- as a consequence the severe
of
technological
restrictions
resulting from their parameter sizesin three directions-- they almost have
to give up the use of increments well, from the very beginning;
as
second,
that the demandsof variability in the box-unit building methods
again strengthenthe tendencytowards increasing
the sizesof the horizontal
parametersand it is exactly this tendencytowardsincreasing sizes-- whilst
the
maintainingthe box asprincipleof construction which againleadsto almost
-insoluble
inner contradictions the space-unit
in
buildingmethods well.
as

The slabandthe box as principles construction general,and in the nonof
in
tectonic systems

As opposedto the two above-mentionedfundamental mechanizationprincipled manufacturedtectonic systemsof the industrialized building which

separate slabandthe box asprinciples construction applythem one
the
of
and
by one within the systems,
the box-unitbuilding method-- realizable with the Gutenberg-principled
manufactured
non-tectonic
systems
which combinethe blind manufacture
of
surface
elements
with the doublecomplementarity the buildingmethods-of
applies slabandtheboxasprinciples construction
the
of
simultaneously sideby
and
sidewithinthesystem
(Fig. 5).
This is a fundamental

difference

because it means no less that the varia-

bility of the non-tectonicbox-unit building method is never an immediate
functionof the manufactured
plane- or space-elements first of all that of
but
the additivity of the semanticallymeaningless
surfaceelements,and so the
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The slab and the box as principles construction generaland in the non
of
in
tectonic systems

A

a

b

Fig. 5. The slab andtheboxasprinciples of construction generaland in thenon-tectonic
in
systems.
The slab as principle of construction-- as it is known -- is generally connectedwith the panel
building method, that is one of the most widely spread practice of the industrialized housing
of our age,whereasthe box as principle of construction characteristicallyconnected
is
with the
practice of the space unit building methods. The architect here uses factory made stiffcued
space-units: boxes. Since the inevitable tendency towards increasing the span (in the panel
building methods)or the sizesof the parameters(in the space-unitbuildingmethods)runs counter the slab(A) or the box (B) asprinciplesof construction
therefore-- in order to eliminate these
disadvantages the non-tectonicsystems
-apply the slab and the box as principlesof construction simultaneously
and side by sidewithin the system.In caseof the box-unitbuildingmethod
the box units constituting the building are produced in a factory in such a way that first we
manufacture the non-loadbearingsurfaceelements (a) then the load-bearing plane (wall- and
floor) structural elements(b, c) and finally we assemble
them into rigid loadbearingbox-units
(d, e). On the site the building process confined to the assemblyof box-units
is

"closedness" thesesystems
of
resultingfrom their space-unit
construction
is
rather relative as compared the tectonicsystems.
to

The simultaneous
application the slabandtheboxasprinciples construction
of
of
The box-unitbuildingmethod the third possibilityof the non-tectonic

systems-- is foundedon thesimultaneous
applicationof theslaband theboxas
principles of construction.
The architect in this caseworks on the one hand:
with anisotropic
tissue-structural
slabsdetermined the form of the gypsum
by
(or gypsum polystyrene)
qsurface
elements
and rigidifiedby the ribbedreinforcedconcrete
membrane
pouredin betweenand on top of the two-way chan-
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Thesimultaneous
application theslab theboxasprinciple construction
of
and
of

Fig. 6. The simultaneous
applicationof theslaband theboxasprinciple of construction. opposed
As
to the already mentionedpanel building method and spaceunit building method (Fig. 5) which
separatethe slab and the box as principlesof constructionand apply them oneby onewithin the
system,the box-unit buildingmethodis foundedon the simultaneous
applicationof the slab and
the box as principle of construction.The architect in this case works on the one hand: with
anisotropictissuestructural slabsdeterminedby the form of the gypsum(or gypsum q- polystyrene) surfaceelementsand rigidified by the ribbed reinforceconcretemembranepoured
in-betweenand on top of the two-way channelsystemof the surfaceelement,on the other hand:
with inhomogeneous
anisotropicmonolithic boxespreassembled
from these slabsin the factory

nel systemof the surfaceelements,on the other hand: with inhomogeneous
anisotropicmonolitic boxes preassembled
from these slabs in the factory
(Fig. 6), and regardsthis asthe leadingidea for manufactured
building.He has
to acceptthat theseslabs(that is the wall and floor elements parametersize
of
in two directionsand constructed
with the two-way alignmentof surfaceelements) can only have openings the surface,jointing edgesand point for
on
heterogeneous homogeneous
or
junctionsonly on the perimeters,and constructs
fromthese
slabs
first (in the factory)the cellular
largespace-units, then (on
and
the site)the buildings,
throughthe properalignmentof theseboxes.
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Since,however,the buildingin their solutions plan and in section
on
can
againbe reduced in the last analysis to the additivity of the semantically
--meaningless
Gutenberg-principled
surface
elements,
therefore as compared
-to
the wellknowntectonic slab- or box-principledsystems-- there opensan
essentially
roaderpossibility the selection parameter-sizes three direcfor
of
in
tions,that is for the flexiblealterationof the dimensions the space-units
of
without having this tendencyrun counterthe slab and the box as simultaneously
applied principlesof construction.

4. The box-frameunit buildingmethod

The box-frame
unit buildingmethod-- the fourth possibility the nonof
tectonicsystems canonlybe realizedonhighdegree complementarity
-of
since
its characterizingmanufacturedstructural unit -- the folded r.c. shell box
frame -- is exclusively
connected
with this degree.
The buildingmethodcalls
into beingits structures
with a combination two materials{gypsum reinof
qforced concrete),as follows:

Short description: 4. Box-frameunit building method

in design:

-- on highdegree complementarity
of
(on highdegree readiness the
of
in
factory);
-- on the simultaneous
applicationof the slab and the boxframe as principle of construction;
-- housingand communalbuildings

(variationson plan and in section one or two-level
on
in the factory:

arrangements);
-- ontwo-fold disintegration
(on Gutenberg-principled mechanization
and
principled
decomposition);
-- on preassembly plane structuralelementsand small
of
space units;

on the

site:

-- on the in-situ additivity of small space
units and plane
structural

elements

(on location of small spaceunits -- pillar- and beam
box-frames  in in-situ position and heterogeneous
junction; on location of plane structural elementsin
in-situ positionand final pouring).
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Characteristic
featuresof the box frame unit buildingmethod
From the point of view of principleof construction, box-frame unit
the
buildingmethodis actually a specialcaseof the socalledsmall-box-unitbuilding method(Fig. 7).
The buildingmethodis characterized a high level relevance,
by
that is, a
highdegree technological
of
relevance geographic-zonal
with
validity and as suchit
is mostadvantageously
applicable conditions developing
to
in
countries
particularly in hot arid tropical or subtropicalareas and can be most expediently
realized in transplantablefactories.
In the workshop,
more accurately: in the transplantable
factory, we not
only produce Gutenberg-principled
non-tectonicsurfaceelements wall and
for
floors, pillars and beams but at the same time we also begin to preassemble
these surfaceelementsinto mechanization-principled
tectonic structural elements into mechanization-principled
tectonic structural elements, that is to
say, we start the manufactureof tectonic wall-elements,
floor-elements,
pillar
box-frame units, beam box-frame units etc. as well.

On thebuildingsitethe additivity is alwaysin-situ and final, which means
that thesetectonicstructural elementsare alwayslocatedimmediately to their
final in-situ position,in due order of course.

Variabilityof the box frame unit buildingmethod
Amongstthe non-tectonicsystemsthe variability of the box-frame unit
buildingmethodis of mediumdegreesince
the system-- simultaneously
founded on the slab and the box-frame as principlesof construction-- allowsa relatively more restricted selectionof sizesand incrementsfor the elementsand
components comparedto the in-situ building method. At the sametime the
as
degreeof complementarity(that is, the expedientlychoosable
ratio of operations in the factory and on the building site) is the highest,sincethe degreeof
readiness
achievablein the manufactureof elementsand components simi-larly to the box-unit buildingmethods-- may reacha reasonable
maximum,
consequently, freedomof design relatively morerestricted.
the
is

The slabas principleof construction the box frame unit buildingmethod
in
The slab as principle of construction in general -- has becomerather
-well-knownthroughpracticeof the housingfactories.
This is why it is extremely important to note here that in the box-frameunit building method-- specifically -- the slab as principle of construction
completely
changes
bothfrom
design from manufacture
and
pointsof view:
-- from designpoint of view, becausein the box-frame unit building
method the tendenciestowards increasingthe span can not run counter the
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The box frame as principleof construction

Fig. 7. Thebox-frame principleof construction. box-frameasprincipleof construction in
as
The
-general-- typically belongs the small box-unit buildingmethods.
to
The architect here uses
factory made stiflenedsmall-boxunits: box-frames.
In the non-tectonic
systems
thesesmall-box-units
(the pillar box-frames
and beam
box-frames) actually empty monolithicboxes,moreaccurately:frozenreinforced
are
concrete
folded shellsarisingthroughpouringconcrete betweenplane or profiled gypsumsurface
in
elements
aligned
properly two directions.
in
These
pillar- andbeambox-frames onlybe of
can
parameter-size one directionbut the demandsof structural variability are relatively easily
in
met since, the last analysis,
in
variability in the box-frameunit buildingmethodcanimmediately
be reducedto the additivity of the Gutenberg-principled
surfaceelements

slabasprincipleof construction
sincein thiscase loadof theslabis takenup
the
by the beam-frame.
Thus, the span-dimension the slab getsfree, or even, it
of
becomes
theoretically
unrestricted
sincethe load of the tissue-structural is
slab
carriedby the shortthreadsat right angleto the spanand transferred
immediately onto the beam-frame;

-- frommanufacture
pointof view,because thebox-frame building
in
unit
method thetechnological
-relevance which bemost
of
can
expediently
enforced
in hot arid tropical subtropical
or
areas-- the manufacture the slabcan be
of
organized a completely basis.
on
new
Undertheseclimaticconditions,
namely,it
becomes
possible apply sucha methodfor mass-production slabsin a
to
of
factorytransplantable to thebuilding
next
site,which simplycannotbe realized
in an identical form under different geographic
circumstances:

the manufacture the tissue
of
structural
(gypsum reinforced
qconcrete)
floor elements,
namely,is realized this case a determined
in
in
technological
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orderin horizontalpositionon a stack,aboveone anotherand in sucha way,
that first we manufacture non-tectonic
the
periodicgypsumsurface
elementof
parameter
sizein onedirection onesingle
by
casting,
then, almostimmediately
after setting of gypsum,we call into being the tectonic structural floor element by pouringconcrete
into the channeland on top the gypsumsurfaceelement which,thus, doesnot requireeither storing,movingor any further manipulation.
The box frame as principleof construction general and in the non.tectonic
in
systems

The box-frame principle of construction
as
typically belongs the smallto
box-unit building methods. The architect here uses factory-made stiflened
spaceunits:
box-frames.He regardsthis as the startingidea for mass-construction of homes,schools He accepts
etc.
thesesmall-box-units these"empty"
-pillar box-frames beam box-frames for assembling building (Fig. 7).
or
-the
Since,however,these elements-- the pillar box-framesor beam boxframes-- can only be of parametersizein one direction,consequently
first
of all, the variability in the box-frameunit building method will -- intermediately -- become functionof the additivity of manufactured
a
tectonicsmallbox-units,whichis very advantageous,
first, because
these box-frame units -- althoughthey cannot be shaped
any more in themselves-- need not dispense
with incrementsin any direction;
second,becausethe requirementsof variability -- which in the last
analysis
inevitablystrengthen tendencies
the
towards
increasing sizes the
the
of
parameters-- in the box-frameunit building method cannotlead to inherent
contradictionsso well known from the box-unit building methods. In this
specificcase,namely, wherethe slab and the box-frameas principles conof
structionare simultaneously
appliedwithin the systemand sideby side,the
slaband the box-framedo not stay in the way of increments,
thus, variability
can be enforced within

rather broad limits.

The box-frameunit building method-- basedon the use of non-tectonic
systems appliestheslaband thebox-frame principlesof construction
-as
simul-

taneously sideby side.This is very important because meansthat the
and
it
variabilityof the box-frame
unit building
method not a directfunctionof the
is
manufactured
tectonic
planeelements box-frame
or
units,but first of all, it is
the direct function of the semantically
meaningless,
Gutenberg-principled
non-tectonic
surfaceelements,
consequently
demands variability are relaof
tively easilymet. All in all:
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The simultaneous
application the slab and the box frame as principleof
of
construction

BOX-FRAME UNIT BUILOING NETHOO

Fig. 8. The simultaneous
applicationof the slaband the box-frame principle of construction.
as
The box-frameunit building methodis foundedon the simultaneous
applicationof the slab and
the box-frame as principleof construction.
The architect here usesslab elementsand box-frame
units of parameter size always only in one direction. The shape of these units (the pillar boxframes and the beam box-frames) is always determined by the gypsum surface elements.The
planeelements
(the wall- andfloor elements)are actually anisotropic
tissue-structural
reinforced
concreteslabsstiflened by ribs and a membranearisingthrough pouring concreteinto and on
top of the two-way channelsystemof the surfaceelements,but in this easethe load of the slab
is taken up by the beam frame. Thus, the spandimensionof the slab getsfree or even,it becomes
theoretically unrestricted since the load of the tissue structural slab is carried by the short
threads at right angle to the span and transferred immediately into the beam-frame, whereas
the smallbox units (the pillar box-framesand the beambox-frames)are actually empty monolithic boxes:frozen r. e. shellsaswe have alreadyseen(Fig. 7) and as,schematically
alsoshown
by figure above

The simultaneous
application the slab and the box-frameas principles
of
of
construction

The box-frame
unit buildingmethod foundedon thesimultaneous
is
applicationif theslaband the box-frame principlesof construction 8). The
as
(Fig.
architecthere usesslab-elements box-frameunits of parametersize
and
always
onlyin onedirection. shapeof theseunits is alwaysdetermined the
The
by
gypsum
surface
elements. regards asthestarting for manufactured
He
this
idea
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buildings.
The planeelements
(the wall- and floor-elements) actually anisoare
tropic, tissne-strnctnralreinforcedconcreteslabsstiffcuedby ribs and a membrane arisingthroughpouringconcrete
into and ontop ofthe two-waychannel
system the gypsum
of
surface
elements,
whereas small-box
the
units (the pillar
box-framesand beam box-frames)are actually empty monoliticboxes,more

accurately:frozen reinforcedconcrete
folded shellsarisingthrough pouring
concretein betweenthe plane or profiled gypsumsurfaceelementsaligned
properly in two directions.He acceptsthat these small-box units that is the
box-frames only be jointed -- heterogeneously homogeneousy along
can
or
-lines and assembles buildings-- through a proper additivity of theseboxhis
framesand slabs-- on the building site.
Sincethe architecturalsolutionsof the buildings -- ground plans, sections, detailsetc. -- can immediatelybe reduced the additivity of semantito
cally meaningless
Gutenberg-principled
surface
elements,
thereforein the boxframe unit building method wide possibilities
arise for flexibly changingthe
parameters the buildings the redirections
of
in
without havingthis tendency
rnn
counter the slab and the box-frame as simukaneouslyapplied principlesof
construction.

5. The closed-cellular
buildingmethod

The closed-cellular
buildingmethod -- the fifth possibility the nonof
tectonic systems  is characterizedby a special strnctnral form, more accurately: by the anisotropic
slabcontaininginternal cells.
The buildingmethodcan both be realizedon a low and on a high degree
of
complementarity.In any come,however,the structurescalled into being by
this building method are composed two materials; gypsumand reinforced
of
concrete.

If the degree complementarity
of
(that is, the ratio of operations the
in
factory to thoseon the buildingsite) is low, then we can only work with the
surfaceas principle of construction
sincein the factory we only manufacture
Gutenberg-principled
non-tectonicsurfaceelementsfor walls and floors;
If, however,the degree complementarity highthen there are even two
of
is
differentpossibilities the buildingmethod,namely:
for
-- either the anisotropic
slabasprinciple of construction, specialcase the
a
of
in-situ buildingmethod
wherethe buildingis realizedthrough additivity
the
of manufacturedtectonic anisotropicslabs;
-- or, combination the anisotropic
of
slaband the box-frameas principles of
construction, specialcaseof the box-framennit building methodwhere
a
the building is realized through the additivity of manufacturedboxframes and anisotropicslabs.
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The closedcellular buildingmethod -- if applied on a high degreeof
complementarity is at the same
-time alsocharacterized the highdegree
by
of
technological
relevance
with geographic-zonal
validityand assuch is againmost
it
advantageously
applicable conditions developing
to
in
countries,
particularly
in hot aridtropicalor subtropical
areas
andcanbothbe realized
through
using
transplantable
factoriesor elementarytransplantable
factory units.
The characteristic

features

of the individual

cases of the closed-cellular

building method are as follows:

Short description:

in design:
in the factory:
on the

site:

Closed-cellular
buildingmethod
on low degree complementarity
of
(on lowdegree readiness thefactory);
of
in
on applyingthesurface principleof construction;
as
housingand communalbuildings
(variations on plan and in section);
on one-fold disintegration
(on Gutenberg-principled
decomposition);
on the in-situ additivity of surfaceelements
(on calling into being the loadbearingstructure exclusively on the building site).

Characteristic
featuresof the closed-cellular
building methodin case of low
degree complementarity
of
(5.A)
The closed-cellular
building method on a low degreeof complementarity
isfounded the consistent
on
application thesurface principleof construction,
of
as
consequently canbe perceived a special
it
as
caseof the in-situ building method
(as it turns out from the above features), and as such a casewhich calls into
being the anisotropicslab through the in-situ additivity of surfaceelements
containingclosed
internal cells.The surfaceelementscontainingclosed
internal
cells are not manufacturedby forming "keys" lifted out, but producedby
unregainable,
lost formingpieces.
Theseformingpieces
can be empty or sealed
registerscontaining a phasechangematerial (Fig. 9) in this latter casewe call
into being the already mentionedheat-storingsystems.(See:
Ref. 12 pp. 124,
129.)

As an immediateconcomitantof the low degreeof complementarity
the
variability of the buildingmethodsignificantlyincreases, a matter of course.
as
And if we add to this, that surface
elements
containing
closed
internal cellscan
alsobe calledinto beingby the in-situ additivity of surface
elements sucha
in
way that we use surfaceelementsformed from outside and locate them by
pairs as opposed eachother (thus formingthe closed
to
internal cellsfrom two
"half-opencells") then it is easyto seethat this buildingmethodmay offer
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Theanisotropic asprinciple construction
slab
of

Fig. 9. Theanisotropic asprinciple construction. anisotropic -- the characteristic
slab
of
The
slab

structuralfrom of the closed-cellular
buildingmethods-- can both be realizedon low and on

highdegree complementarity, in anycase architect
of
but
the
works
withinhomogeneous
anisotropic
monolithic
slabscomposed two materials:
of
gypsum
and reinforced
concrete,

supplied a two-way rib system
by
r.c.
stiflened a r.c.membrane reduced weight a
by
and
in
by

periodic
system closed
of
internal
cells.
These
"slabs" beofparameter in twodirections.
can
size
In case lowdegree complementarityandthisisthecase thefigure
of
of
-of
above wecall
--

into beingthe anisotropic through
slab
in-situadditivity of surface
elements
wherethe closed

internal areactually
cells
sealed
registered
containing
a phase
change
material heat-storing
for

quitea series newpossibilities frombuilding- fromtechnological
of
both
and
point of view.

Shortdescription:5.B Closed-cellular
building
method

-- onhighdegree complementarity
of
on hghdegree readiness the
of
in
factory);
-- onapplying anisotropic asprinciple constructhe
slab
of
tion;

in design:

in the factory:

-- housing,
communal industrialbuildings
and
(variations plan andin section);
on
-- on two-fold disintegration

(on Gutenberg-principled
andmechanization
principled
decomposition);
-- on preassembly plane structural elements;
of
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-- on the in-situ additivity of plane structural elements

(on locationof anisotropic
slabsin final in-situ position
and homogeneous
junction).
Characteristic
featuresof the closed-cellular
buildingmethodin caseof high
degreeof complementarity
(5.B)
This buildingmethodas a consequence its principleof construction
of
can
be matched
with any non-tectonic
buildingmethod,its geographic
relevance
is
relatedto hot aridtropicalareas,
that it canbemostexpediently
realizedthrough
usingtransplantablefactories.
Short description: 5.C Closed-cellular
building method

in design:

in the factory:

on high degree complementarity
of
(oa asa degree readiness the
of
in
factory);
on the simultaneous
applicationof the anisotropic
slab
and thebox-frame principlesof construction;
as
housing,communaland industrial buildings
(variations on plan and in section);
on two-fold disintegration
(on Gutenberg-principled mechanization-principled
and
decomposition);
on preassembly plane structural elementsand small
of
space units;

on

the

site:

on the in-situ additivity of small space
units and plane
structural

elements

(on locationof small space
units -- pillar- and beam-box
frames -- in-situ position and heterogeneous
junction;
on location of plane structural elements -- anistropic
slabs-- in in-situ positionand final pouring).

Characteristic
features the closed-cellular
of
buildingmethod caseof high
in
degreeof complementarity
(5.C)
This building method as a consequence the combination,that is the
of
simultaneous
applicationof the anisotropic
slab and the box-frameas principlesof constructioncan be perceived as a special case of the box-frame
unit buildingmethod(asit is alsoshownby the abovefeatures)and as sucha
casewhich combines in-situ additivity of anisotropic
the
slabswith the in-situ
additivityof smallspace
units.The geographic
relevance the buildingmethod
of
is again related to hot arid tropical or subtropicalareasthus, it can be realized

even by elementarytransplantable
factory units locatedimmediatelyon the
very zero level. In the building methodsof high degreeof complementarity
(5.B and 5.C) the method of disintegrationand the additivity in the factory
eitherleadsto planestructuralelements planestructuralelements
or
and small
space
units. On the buildingsite the tectonicelements the smallspace
-units
(that is the pillar- and the beambox-frames)
and the anisotropic
slabs)that is
the closedcellular wall- and floor-elements)-- are alwayslocatedin their final
position,sothe additivity on the buildingsiteis alwaysin-situ and final.
Variability of the closed-cellular
buildingmethod
Amongstthe non-tectonic
systemthe variability of the closed-cellular
building method is of high degreesincethe anisotropicslab as principle of
construction
standsclosest the surfaceas principleof construction;
to
sincethe
sizesand increments the elements
of
and components includingtheir thick-nesses well -- canbe selected
as
within very broadlimits; finally because the
in
closed-cellular
systemsthe degreeof complementaritycan reach a reasonably
high level without seriously
restrictingthe freedomof planning.
The anisotropic
slab as principleof construction

The slab as principle of construction
has already been dealt with previously. Now, it is important to note here as an addition that the anisotropic
slab-- the characteristic
structuralform of the closed-cellular
buffdungmethod
5.A; 5.B; 5.C -- again endows technology
the
with completely featuresboth
new
from design from manufacture
and
pointsof view;
-- From design
point of view, because the closed-cellular
in
building
method architect
the
workswith inhomogeneous,
anisotropic,
monolithic
slabs
composed two materials:
of
gypsum reinforced
and
concrete,
supplied a twoby
way r.c. rib systemstiffened a reinforced
by
concrete
membrane
and reduced
in weightby a periodic
system closed
of
internalcellse.
These
"slabs"canbe of
parameter in two directions,
size
consequently tendency
the
towards
increasing
the spandoesnot run counterserious
obstacles wouldbe the casewith the
(as
traditional -- i.e.: homogeneous,
isotropic,monolithic-- reinforcedconcrete
slabs);

From manufacture
point of view, because the closed-cellular
in
building
method-- the technological
relevance whichcanagainbe mostexpediently
of
enforced hot arid tropicalor subtropical
in
areas-- the manufacture these
of
large-size
anisotropic
slabscan alsobe organized a completely
on
new basis.
Under theseclimatic conditions,
namely,the production anisotropic
of
slabs
in horizontalpositionand aboveone anothernot only can be realizedin a
factorytransplantatable to the building but also elementary
next
site
in
factory
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units locatedimmediatelyon the zero level of co-ordination the individual
of
buildings.
The non-tectonicclosed-cellular
building method (5. B) completely extendsthe anisotropic
slabasprincipleof construction the primarywallsand
to
loadbearingfloors. This is of crucial importance from the point of view of
variabilityof the building
method. case working a highdegree compleIn
of
on
of
mentarity, namely,the large-size
two-way periodicsurfaceelementsdo not
ariseany moreasa resultof the additivity of surface
elements
but are produced
by one singlecastingwhich in turn meansthat variability here becomes
an
immediatefunction of the convertibility of the manufacturingapparatus,thus,
variability canbe enforced
within rather widelimits. Finally:
The simultaneous
application of the anisotropicslab and the box-frame as
principle of construction

Theclosed-cellular
building
method
(5.C) isfounded the
on simultaneous
applicationof the closed-cellular
anisotropic
slab and the box-frame principlesof
as
construction.
The architect here usestectonic box-frame units of parameter-size

alwaysonly in one directionand anisotropic
slabsof parametersizein oneto
two directionscontaining closedinternal cells,composed gypsumand reinof
forced concrete,suppliedwith a two-way r.c. rib systemstiflened by a r.c.
membrane
(Fig. 10). He regards
this asthe startingideaunits(pillar box-frames
and beam box-frames)can only be jointed heterogeneously
alongHnesand
accepts the same
at
time that the anisotropic
slabs
(the wall andfloor elements)
can only be jointed homogeneously alonglines;he finally accepts
and
that the
large-size
anisotropic
slabs-- when placedon the vertical loadbearing
structures-- first alwaysrest on their reinforcement
protruding
fromthe ribs until
the homogeneous
junction is createdby the concrete
pouredin.
Sincein the closed-cellular
buildingmethod-- if realizedon a high degree
of complementarity the large-size
-gypsumsurfaceelementsare produced
throughcontinuous
castingand not throughadditive alignmentof manufactured surface elements, therefore the architectural solutionsof the buildings

(i.e.: groundplans,section,
detailsetc.) can be immediatelyderivedfrom the
convertibility of the manufacturingapparatuses,
consequently
quite a number
of possibilities
may again arisefor flexibly changing
the parameters the
of
buildingsin three directionswithout having this tendencyrun counter the
anisotropic
slab and the box-frame as simultaneously
appliedprinciplesof
construction.

The closed-cellular
buildingmethodas we have seenis characterized
by
a high degreeof technological
relevanceand is realizedin elementarytransplantablefactoryunitslocatedimmediatelyon the completed
zerolevel of the
individual buildings.
10
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The simultaneous
application the anisotropic and the box frame as
of
slab
principle of construction

Fig.10.The
simultaneous
applicationthe
of anisotropic and box-frameprinciple conslab the
as
of
struction. closed-cellular
The
building
method in case highdegree complementarity
-of
of
-isfounded thesimultaneous
on
application theclosed-cellular
of
anisotropic andthe boxslab

frame principle construction. architect uses
as
of
The
here tectonic
box-frame ofparameter
units
size
always
onlyin onedirection, anisotropic ofparameter in oneor twodirections
and
slabs
size
containing
closed
"empty"
internal
cells,
composedgypsum reinforced
of
and
concrete,
supplied
with, composed gypsum reinforced
of
and
concrete,
supplied
with a two-way rib system
r.c.
stiflened by a r.e. membrane

6. The lift-cell buildingmethod

Thelift-cellbuilding
method the sixthpossibility the non-tectonic
-of
systems canonlyberealized medium
-on
degree complementarity its
of
since
characterizing
structural -- thecellular
unit
floor-field isexclusively
-connectedwiththisdegree. building
The
method intobeing structures a
calls
its
with
combination threematerials
of
(gypsum reinforced
qconcrete steel),as
qfollows:
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Short description:6. Lift.cellbuildingmethod
-- on medium
degree complementarity
of
(on medium
degree readiness the
of
in factory);
 on thesimultaneous
application thecell,thebox-frame
of
and theskeleton-frame principleof construction
as
in design:

in the factory:

-- communal buildings
(variations on plan and in section on multi-level arrangements);
-- on two-fold disintegration

(on Gutenberg-principled mechanization
and
principled
decomposition);
-- on preassembly plane structural elementsand small
of
space units;

on the site:

-- on the in-situ additivity of small space
units
(on location of small spaceunits -- pillar skeletonframesand beam box-frames in in-situ positionand
-heterogeneous
junction);
-- on the assembly of cellular floor-fields underneath
in-situ positionon top of each other, lifting them into
final positionand fixing by heterogeneous
junction.

Characteristic
featuresof the lift cell buildingmethod

The lift-cell building method spellsadaptation non-tectonic
of
systems
to
multi-levelcommunal
buildings.
From the point of view of principleof construction buildingmethodis
the
actually a special
combination thelifting and box-frame
of
unit buildingmethods,
as we shall see.

The building method is characterizedby high level relevance,that is a
high degree technological
of
relevance
with geographic-zonal
validity and as such
it is most advantageously
applicableto conditionsin developingcountries
particularly in hot arid tropical or subtropical
areasand it can be realizedboth
in planted and transplantable
factories.In any case, however, the structures
called into being by this building method or composed three materials;
of
gypsum,reinforcedconcrete
and steel.
In the lift-cell building method we manufactureon a mediumdegree
of
readiness.

In the
factory-- moreaccurately: the planted or transplantable
in
factory
-- we produceon the one hand: Gutenberg-principled
non-tectonic,periodic
plane gypsumsurfaceelements beamsand periodiccellulargypsumsurface
for
elements floors; on the other hand: mechanization
for
principledtectoniclinear
reinforced
concrete
columnelements pillars.
for
10'

At the sametime we also start in the factory the preassembly these
of
basic elements,on the one hand into mechanization-principled
tectonic structural elements
(beam-elements), the otherhandinto mechanization
on
principled
tectonic small box-units(that is.' heterogeneous
beam box-frame units and
heterogeneous
pillar skeleton-frame
units). Accordingto this:
The heterogeneous box-frame this small box-unit of parameter
beam
-sizein one direction-- is constructed sucha way that first we preassemble
in
the non-tectonicperiodicgypsumsurfaceelementsinto tectonic beam elements
-- that is frozenr.c. shellplane structuralelements and then, we join them
-in pairsby meansof steeldiaphragms,
wherebywe unite them into empty beam
box-frames; whereas.

The heterogeneous skeleton-frame again a small box-unit of parapillar

meter sizein one direction m arisesin sucha way that we couple column elements m that is the manufactured

tectonic linear r.c. structural

elements

-- in

fours by meansof steelcradlesand diaphragms,
wherebywe unite them into
empty pillar skeleton-frames.
On thebuilding the skeleton
site
construction the multi-levelbuilding,
of
that is the pillar skeleton-frames the beam box-frames alwaysassemand
are
bledimmediately their final in-situposition
in
and connected eachotherby
to
heterogeneous
junction, whereasthe horizontal primary floor structures,that
is the cellular
floor-fields parametersizein two directionare alwaysassemof
bled underneathin-situ positionimmediately on top of each other, and then,
they are lifted in dueorderinto their respective
in-situ position
and fixed by
heterogeneous
junction. The cellular floor-zonesabove beam box-frames are
assembled
in-situ and their concreting
includes final pouringas well.
the
Variabilityof the lift-cell buildingmethod
Amongst the non-tectonicsystems
the variability of the lift-cell building method is of medium degree, becauseon the one hand, the freedom of
planning is increased,sincethe sizesand incrementsof the elementsand com-

ponents-- includingtheir thicknesses well -- can be selected
as
within very
broad limits and sincethe relative span-indifference the beam box-frames,
of
the relativeheight-indifference the beambox-frames, relativeheight-inof
the
difference the pillar skeleton-frames finally the relativetwo-wayspanof
and
indifference the large-size
of
cellular
floor-fields
keepthe mostimportantparameters of communalbuilding- the spansand the heights  theoretically
open.

Onthe otherhand,however, degree freedom planning decreased,
the
of
of
is
since the two-way ribs of the beam-zones and cellular floor fields un-

ambiguously
restrict the divisibility of interior spaces,
locationof partition
walls, etc.
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The cell, the box frame and the skeleton frame as principlesof construction
The cell asprincipleof construction-- in general-- hasbeen dealt with in
detail in our previousstudies,(seealso:Fig. 4), therefore,hereit seems
sufficient
only to remind the Reader that working with the cell as principle of construction for the frozen reinforcedconcreteprimary structuresalways meansthat
use of many different forms of the folded shells.
The cellular systems,as is well
known, may operatewith beams,beam-grids,or with the room-units (roomcells) themselves.
These forms representthe visible forms of the non-tectonic
structures.

In thelift-cell buildingmethod visibleform of the primary structureis
the
characterizedby the beam-grid.
The lift-cell building methodrealizes beam-gridin two steps,
the
through
superposition. First the system of the primary beam-grid is assembled
through additivity and heterogeneous
jointing of beam box-framesand pillar
skeleton-frames,
then -- in the secondstep -- the system of the secondary
beam-grid completed
is
through assembling cellularfloor-fieldsunderneath
the
in-situ positionon top of each other, lifting them into final positionand fixing
by heterogeneous
junction.
The box-frame principle of construction in general-- has been analas
-izedin detail,with the box-frameunit buildingmethods
[14]. It is very important
to note here, however, that in the lift-cell building method least in this
(at
particular case)theconstruction the box-frame modifiedboth
of
is
from manufac-

ture andfrom assembly
pointsof view:
-- from manufacture
point of view, because
the box-frame here -- in
contrast to the box-frame unit building method -- is not a homogeneous
reinforcedconcrete
foldedshellconstruction
composed two materials(gypsumqof
q- reinforcedconcrete)but a heterogeneous
small spaceelement composed
of
three materials, in which we joint beam elements(that is frozen r.c. shellplane
structural elements composedof two materials) by pairs, by means of steel
diaphragmsinto beam box-frame units;
-- from assembly
point of view, because
the heterogeneous
beam boxframe is not put on top of the pillars, but locatednext to it and consequently
the methodof jointing -- in contrastto the box-frameunit building method -will be characteristicallynon-tectonicheterogeneous
junction.
Thepillar skeleton-frame principle of construction characteristically
as
is
connected
with the lift-cell building method.The constructorhere works with
manufactured linear reinforced concrete structural elements -- that is factory
made columns -- which are tectonic from the outset, and usesthese elements for

assembling
the heterogeneous
pillar skeleton-frames that is small space
-units of parameter size in one direction -- through uniting them in fours by

meansof steelcradlesand diaphragms
and accepts
that thesepillar skeleton-
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The simultaneous
application the cell,the boxframeandthe skeleton
of
frame
as principleof construction

Fig. 11. Thesimultaneous
application thecell,thebox-frame theskeleton-frameprinciple
of
and
as
of construction. applicationof the cell as principle of construction
The
has already beenintroducedand illustrated by Fig. 4. In the lift-cell building method the visible form of the primary
structure is characterizedby the beam-grid realized in two steps: the primary beam-grid is
assembled
through additivity and heterogeneous
jointing of beam box-framesand pillar skeleton-frames, whereas the secondarybeam-grid is completed through assemblingthe cellular
floor-fieldsunderneathin-sitn positionon top of each other, lifting them into final positionand
fixing by heterogeneous
junction; the box-frame principleof construction again been deal
as
as
with an illustrated by Figs 7, 8. and 10. It is important to note here, however, that in the liftcell building method the box-frame is a heterogeneous
beam box-frame composedof three
materials (gypsumq- reinforcedconcreteq- steel) in which we joint beam elements(that is
frozen r.e. shellplane structural elementscomposed gypsum q- reinforcedconcrete)by pairs,
of
by means of steel diaphragms;the pillar skeleton-frame principle of constructionis characas
teristically connected
with the lift-cell buildingmethod.The constructor
here workswith linear
reinforced concrete structural elements -- that is factory made columns -- which are tectonic

from the outset and usesthe elementsfor assembling heterogeneous
the
pillar skeletonframes
-- that is small spaceunits of parameter sizein one direction -- through uniting them in fours
by meansof steelcradles
and diaphragms
and accepts
that thesepillar skeleton
framescanonly
be connectedwith the beam box-frames at points, through heterogeneous
junction
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frames can only be connected
with the beam box-framesat points, through
heterogeneous
junction (Fig. 11).
The threeimmediateobjects manufacturein the lift-cell buildingmethod
of

In the lift-cell buildingmethod foundedon thesimultaneous
-application
of theceil,thebox-frame theskeleton-frame principlesof construction in
and
as
-constrast all the othernon-tectonic
to
building methods manufacture

has three
immediateobjects:
The first immediate object of manufactureis, of course,
the non-tectonic
surface
element,moreaccurately: periodicplanegypsum
the
surface
elementfor
beams(non-tectonic
plane element)and the periodiccellulargypsumsurface
elementfor floors (non-tectonic
small spaceelement).Theseelementsare used
by the architecton the onehand: for the preassembly beamelements(that is
of
frozen r.c. shell plane structural elementsof parameter sizein one direction)
through a proper additivity of the non-tectonic
plane elements the factory,
in
and on the other hand: for the assemblyof the cellular floor-fields (that is
frozen r.c. shell plane structural elementsof parameter sizein two directions,
with ribs in-wo directions
rigidifiedwith a membrane)
througha properadditivity of the non-tectoniccellular small spaceelementsunterneath in-situ position, on the buildingsite;
The second
immediateobject of manufactureis the column
(that is a linear
reinforced concretestructural element) which is tectonic from the outset since
its construction not basedon the additivity of surfaceelements;and finally.
is
The third immediate object of manufactureis the cradles
and diaphragms,
that
is steel frames constructedof U-profiles.

7. The tilt-lift building method

The tilt-lift buildingmethod-- the seventhpossibilityof the non-tectonic
systems,
finally -- is characteristically
connected
with the the low degreeof
complementaritysincethe load-bearingstructure can only be realized on the
buildingsite and with the combination two materials(gypsum reinforced
of
qconcrete), as follows:

Short description: 7. Tilt-lift building method
-- on low degree complementarity
of
(on lowdegree readiness the
of
in
factory);
-- on the simultaneous
application of the surfaceand the
box-frame principle of construction
as
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in design:

in the factory:
on the

site:

-- industrial workshops
(variation on plan and in sectionon one-levelarrangements);
-- on one-folddisintegration
(on Gutenberg-principled
decomposition);
-- on the in-situ additivity of surface elements underneath the in-situ positionprior to lifting, in case beam
of
box-frames,

-- on the additivity of surface elements in horizontal
position,prior to tilting, in caseof pillar box-frames,
-- on the in-situ preassembly linear structuralelements,
of
in caseof secondarybeams and on the in-situ or underhearth in-situ additivity of these structural elements,
(on callinginto being the load-bearingstructureexclusively on the buildingsite).
Characteristic
featuresof the tilt-lift buildingmethod

The tilt-lift buildingmethodspellsadaptation non-tectonic
of
systems
to
industrialbuildings.
From the point of view of principleof construction building method
the
is a special
combination thein-situ,lifting andbox-frame building thods
of
unit
me
complemented a tilting operation, we shallsee:(Fig. 12)
with
as
The buildingmethodis characterized a high level relevance,
by
that is
a high degree technological
of
relevance
with geographic-zonal
validity and as
suchit is mostadvantageously
applicable conditions developing
to
in
countries
particularly in hot arid tropical or subtropicalareas and it can be realized
exclusively transplantable
in
factories.
The structures
calledinto beingby this
buildingmethodare alwayscomposed two materials;gypsum
of
and reinforced
concrete.

In the tilt-lift building method we manufacture on a low degree
of
readiness.

In the
factory-- moreaccurately: the transplantable
in
factory -- we only
produceGutenberg-principled
non-tectonicsurfaceelements,that is to say:
profiled gypsumsurfaceelements pillar box-frame
for
and beam box-frames;
plane gypsum
surface
elements floors and profiledgypsumsurface
for
elements
(stripes)for beams.
On the buildingsite each operation of the creation of the load-bearing
structureis basedon the additivity of surfaceelementsas follows:
Thepillar box-frame this largebox-unit of parametersizein two direc-tions -- is constructedin such a way that first we assemble
the non-tectonic
profiled gypsumsurfaceelements the situationprior to tilting, that is to
in
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saywe call into beingthe loadbearing
structurein the situationprior to tilting,
that is to say, we call into being the loadbearlngstructure in the situation
preceding operation tilting, and then, we tilt the pillar box-framearound
the
of
a fixed point into vertical positionand concludethe operationby creating
homogeneous
junction;
The beambox-frame-- again a large box-unit of parameter size in two

directions arises sucha way that first we assemble non-tectonic
-in
the
profiled gypsumsurfaceelementsunderneaththe final in-situ position,that profield gypsumsurfaceelementsunderneath the final in-situ positionthat is to
say,we call into beingthe loadbearing
structurein the situationpreceding
the
operationof lifting, and then, we lift the beambox-frameinto in-situ position
and concludethe operation by creating heterogeneous
junction.
Thefloors are constructedin sucha way that first we preassemble the
on
zero level the non-tectonicprofiled gypsum surface elementsinto beam elements (that is: tectonic, linear r.c. structural elements)and then we locate the
beam elements and the surface of floor elementsof pillar-zonesunderneath
in-situ position,whereasthose of the intermediate zonesin in-situ positionand
concludethe operation with concretingthe floors of pillar-zonesunderneath
in-situ position, prior to lifting, whereasthose of the intermediate zonesin
in-situ position,after lifting.
Variability of the tilt-lift buildingmethod
Amongstthe non-tectonic
systems variability of the tilt-lift building
the
methodis of mediumdegree,
because the onehand, the freedomof planning
on
is increased,sincethe sizes and incrementsof the elementsand components
-- including their thicknesses well -- can be selectedwithin very broad
as
limits and sincethe relative span-indifference the beam box-frameskeeps
of
span -- the most important parameter of industrial building -- theoretically
open;onthe otherhand,however, degree freedomof planning decreased,
the
of
is
since the relative height-indifference of the pillar box-frames must be
brought in harmony with the spans, and since the building, in the last
analysis,can only have an odd number of zones(pillar-zonesq- intermediate
zones).
The simultaneousapplicationof the surfaceand the box frame as principle
of construction

The surfaceas principle of construction in general -- has been dealt
-with in detail previously
(seeFigs 1, 2) and the sameapplies the box-frame
to
as
principleof construction, general,
in
(seeFigs 7, 8), soherethereis no needfor any
repetition.
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It is very important to note here, however,that in the tilt-lift building
method construction the box-frame modifiedboth
the
of
is
from manufacture
and
from assembly
pointsof view:

-- from manufacture
point of view, because the tilt-lift building
in
method
thepillar box-frame thebeam
and
box-frame in contrastto the box-frameunit

building method -- is not an immediateobjectof manufacturebut that of a
preassemhly
operationon the buildingsite, in which the pillar box-frames
are
assembled horizontal
in
position(that is in a situationpreceding operation
the
of
tilting), whereas the beam box-frames are assembledunderneath final
the
in-situposition
(that is in a situationpreceding operation lifting);
the
of
-- from assembly
point of view, because large-sizepillar box-frames
the
and beam box-frames
realizedin a process preassemhly the building site,
of
on
are threaded through each other in the process the final assembly(more
of
accurately:in course the operations tilting and lifting) consequently
of
of
the
structural

connection

to be created

between

them

--

in contrast

to the box

frame unit building method -- can only be a heterogeneous
junction.

These
circumstances,
however,
bringentirelynewelements fundamental
of
importance
into the industrialbuildingin the tropicalareas
both from technical
and economic
pointsof view. The modification the box-frameas principleof
of
construction,
namely, makesquite a numberof thingspossible
that we could
never totally realizein manufactured
reinforced
concrete
industrialworkshops.
Here are someexamples:
-- thetilt-lift buildingmethod
clearlyproves
that the combining monolithic
of
structurewith the additive principleof construction
renders possible
it
to build industrial workshops any remote
in
area wihout being bound to
definite spans;
-- first because the tilt-lift buildingmethodthe verylarge sizeelements
in
requiredfor construction industrial workshops not require
of
do
transportation of any kind;
-- second
because tilt-lift building
the
method in course the preassemhly
-of
operations-- reduces "envelope
the
volume"of theprimary structures
to
minimumand therebythe volumeof auxiliary structures
requiredfor the
process assembly
of
can also be reducedto a possible
minimum, at the
same

time.

Now, if in addition we take into considerationthat the tilt-lift building

method-- in whichthe point precisely to tilt andlift expressly volumes,
is
big
structuralelementsof 10--40 tons -- does requireany lifting equipment
not
independent thestructure,
of
then it is unambiguously
verifiable that the tilt-lift building method
establishes
expresslyideal circumstances building industrial workshops.
for
Considering
everything:
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The simultaneous
application the surface
of
and the box
frame as principle of construction

Fig. 12. The simultaneous
applicationof thesurface
and thebox-frame principle of construction.
as
The tilt-lift building method -- that is the special combination of the in-situ, the lifting and the
box-frame unit building methods complemented with a tilting operation -- is founded on the

simultaneous
applicationof the surface
and the box-frameas principleof construction. this
In
building methodsmanufacture has only one immediate object, which simply meansthat in the
transplantable factory we only produce Gutenberg-principlesmall-sizenon-tectonic surfaceele-

ments,consequently the buildingsite eachbuildingoperationis basedon the additivity of
on
surfaceelements.
The surface principleof construction generalhas alreadybeenintroduced
as
in
and illustrated by Fig. 1 and Fig. 2 and the same applies to the box-frameas principle of constructionas shownby Fig. 2 and Fig. 8. It is important to note here, however, that in the tiltlift buildingmethodthe pillar box-frame and the beambox-frameis not an object of manufacture but that of a preassemblyoperation on the building site, in which the pillar box-frames
are assembled horizontal
in
position(that is in a situation precedingthe operationof tilting)
whereasthe beam box-frames are assembledunderneaththefinalposition that is in a situation
precedingthe operationof lifting. Sincetheselarge-size
pillar box-framesand beam box-frames
realized in a processof preassemblyon the building site are threaded through each other in
courseof the operationof tilting and lifting, thereforethe structural connection be creatto
ed between them -- in contrast to the box-frame unit building method (Fig. 8) -- can only
be a heterogeneousjunction

Thetilt-lift building
method that is the special
-combination the inof
situ,liftingandbox-frame building
unit
methods
complemented a tilting
with
operation isfounded thesimultaneous
-on
application thesurface the
of
and
box-frame principleof construction.
as
Sincein this buildingmethodmanufacture only one immediate
has

object
(which
simply
means in thetransplantable
that
factory onlyproduce
we
Gutenberg-principled size
small non-tectonic
surface
elements),
therefore thesiteeach
on
building
operation based the additivityof
is
on
surface elements, as we have seen.
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